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[-8-9=] 

£ 1 V ^^r 37fl^ ^A] ^EflM-l-S-^-Ei *H;£ ^Uj-o] ^A] oj-^uf Zj-Zj-O.3. ^ 

£ ^IJl-i-^- 47flS1 Al^^>s- S-o> ^A]^ Al^. Hfl^7l£4, Aj- 7 | 37]] o] ^a] o> E flq. 
Ir^Ei Aj- 7 ) *>14^ ^A] ^L^o] *J)^ ol^-s.^- ^ t+EKflfe 3°l3E. 37fl^ 

^ °l^tf ^§*Rr *fl^ ^^71^, A o > 7l ^A] Aj- 7 1 7MJ1 7>^ 

M 27flSl <M ^EgJ ^s-o. ^ 2 7fl^ zj-zj- 

3#*Rr ^ ^12 ^liSDl^Jlf , s& 7 ] A]l ^ ^2 2]t% Zj#=J 27fl^ ^Irl^ £ 

*]xj\g. afl^H i^Rr ^/^ €€:7l» T^^M, ^7l *fll ^ A)2 ^acit^ 

A d-7l ^ ^1J:«-^- ^-71 *fl^ °l«-§- A}^ o^A]-^ jt ^^d] 2 7fl^ ^##"8: 

O] fr| ^. TgJ-tg^ c] SDl ^]M. jY^f;}^ A)^]m £#f>}5L Al^Efl^- ^3)-^ 

£ 5 

TRANSMIT DIVERSITY, 3 ANTENNAS, SPACE TIME BLOCK CODE, MAXIMUM LIKELIHOOD DECODER, SIGN 
DISCRIMINATION 
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37fl£] #^1 ^EflM-i-^- A>-g-^ ^^o} ^ai ^-^] {RECEIVING APPARATUS 

FOR WIRELESS TELECOMMUNICATION SYSTEM USING AT LEAST 3 TRANSMIT ANTENNAS} 

^cf*V >gtg] 

£ l£ #2fl 7l^ofl tcj-S ^^V-Al^ tgj^-lf >M-g-*Hr ^A] 7 lo| ^.g. q-^ufl M.ej 

5.. 

£ 3^ ^^rS]~ ^^>-AR> fej^f A>^-§>^ ^A]7lo] ^ q-Bfu£ 1- 

2.. 

£ 5^ ^ ^*fl ^E]- ^^V-Al^} A>-g-^ ^Al7l^ T 1 ^* H-E}^ 

£ 6£r QPSK7> A}-g-S}fe o. 4 v 7 ] <^*}-Ai 12>1- j^*}^ ^ ufefufl 

£ 7£-"-& 1-^ ^^5}- 7l#^ #Efl°] cfs. 7l^#4 Ai^cfl ^Hl(SNR)^ 
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[^°1 s.^] 

( Degradation)^ cfl^-*>7] ^sfl ^ 40I a} a] 1- A>-g-s>^ ^ 7 A°}^. 

#4 ^r^Hr cf°l^^lH](time and frequency diversity)^*}. °V31M- tfc>ltHX|£)-i- ^ 
^ 7l# ^3) Vahid Tarokh f-*fl ^^--aI^V (Space time block code)^ 

S.M. Alamouti7> *fl<?ltr <£*]M c}o] Al E} 27fl o]Aj-o] o]-^ a>-§-^ ^ ot£S. 

^-^-tr 7 A°\A. Tarokhofl ^tb ^1^^: "Space time block coding from orthogonal design," 
IEEE Trans, on Info., Theory, Vol. 45, pp. 1456-1467, July 1999<>fl ^7fl£)^ ^o.^, 
Alamouti°ll ^ ^]£Nr "A simple transmitter diversity scheme for wireless 
communications," IEEE Journal on Selected Area in Communications, Vol. 16, pp. 
1451-1458, Oct. 1998*11 ^fls}^ o}uf. 

51 l£- ^2fl 7l#^l HHE- ^Ti-Al^ M.^*^ A>-g-^>^ ^7l*l ^-gr l4E}-vfl 

SLolcf. o]^ Tarokh^l £]*fl £a1*V h}-^ £o] ^^7l (Serial to 

Parallel Converter: S/P Converter )( 110)5+ ^fJls^l (Encoder) (120)3. ^5)^ 9X^. 
^ 37^9] ^a} oj.Efluj-s.d3o ,132,134)* ^R-^Rr -£^l^f°i^f. 

^"71 £ 1* ^7l ^^71(110)^ °J^£l^ ^Ir-i-^- 47fl^ §>l|^ 1- 

-S-71 ^^-71(120)3. A o V 7l -^SSj-7l(120)^ <#7] 47fla) 7 }*\ 
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-31 8711 2} S^-t^- 87fl ^ Al^^-s. ^o> ^- 7 ] 37fl o| ^a] o>Eflq-l-(l30, 132,134)3. 

&Tg&t±. ^7} 87fl ^>7l5l <^*H 1>«4 8x3^1 -¥-^2}- l^E}-^ ^ & 



<12> 



$3 = 



[^r*H4 1] 



- 5 4 -J, 

• * 

-5 2 S, 

- si s] 



~ S 4 

5." 



<13> 



si,s 2 ,s 3> s 4 ^ ^^7} ^ 47fl2l ^-"-8: M-Bj-^cf. 

<w> ^. 7 i«4 £o] «-^sj-7l(120)^ 47fl2l 4Jl-#oi] ^(negative):*}- ^ 

(conjugate)^- 3-§-*H 87fl2l *1 #^#^91 3 7 fl2l 9lEiiq~I-( 130, 132, 134)3 <^7}*\ 
oVEfluf-i-3. #^sl^ 431: ^1€^1-, ^ <H-(rows)-& ^^-fr 7^711 



<15> 



<16> 



#71 37fl2l <?>Eflu)-i-( 130, 132, 134)3. ^ , ^i^HS n>*l^ Al^^o)!^^ p>^1 

^-121 37fl2l S4*,S3*,S 2 V> <#7] 37fl2l ofBfl ^( 130 , 132 , 134)3 zj-zf ^^c}-. ^, 

^-^5f7l(120)^ M^i^fl 9iEliq-3 ^71 ^-SSI- *J^2l M#*fl 121 ^1-1;^- ^dls. 

£ 2^r <#7] S. 121 ^A]7l3^-Ei A]^ # ^A]^ ^Alyjo) u)-EfvH 1"^ 

^£3^, £Altb h>21- ^-ol ^-^21 ^a] o].^i4l-( 140 ,142)3|- *fl%| ^^7l(Channel 
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Estimator)(150)2f tq-f^fl^ afl<|[7l (Multiply Channel Symbol Arranger) (170)^ ^%7] 

(Detector) (170)5. ^^4- 

#71 £ 2* %^* r ^ , ^"71 ^71(150)^ ^ ^J^m-l-^^Ei ^a] oVEflq-S-s. 

^ ^ ^l^-* M-^^ ^ 7jl^l-( channel coeff icients)^ #7] cf^^fl^ ^1- 

afl^7l(160)fe -*7l ^ °}t)} i+*(140, 142H ^*fl ^€ ^#!-|- <^*H #71 ^#7l 

(170)5. ^l^trCf. ZLEi^ Aj- 7 j ^#71(170)^ ^"71 ^A] Al^-E-o,} A> 7 ] ^ 7jl^#-8- ^<5H 

^tb M (hypotheses) ^#1:^ 7>^tr £€■ ^l-M rfltr ^ ^(decision 

statistic)^ 7jlA>^- 3 o}7« ^(threshold detection)^ ^ «fl ^#*r^f. 

Alamouti^l ^-^l 7_V -i-^jL 7l«- 27fl£] ^a] o>Efli4l-^ ^-sfl 4^ 4]^.=. 
(complex symbols)^- ^^KieKS ^#(rate)-g- £^* r *l #j1 ^ oj-Efluj-^Sl 7^^- -g- 
^tb, ^ 3^ cM^e! ^(diversity order)* °1* ^#*r°3 Tarokh°fl ^«fl 

afl^ ^"71 £ 1 ^ J£ 2^ #*1#£: #Jl?_H1 ^JH^ ^(orthogonal) 7>^ *3 1 ^ 

Bfl^i ^-Ti-xi^v l-a^i* AV-g-^H 2|tfl 4°1*H3 <2^4. ^M- a 0 > 7 ] 4 

7fl^ 4i #-M~3: 87fl^ a] ?K?-7>(time interval) ^91 ^^>7l nfl^-ofl i/ 2 o] ^^o] £ 
^^4. 1-^(47H£1 431-1:)1- 87fl^ a1#^;t>o1 7 ] ^^oj] 

ojAj-4 ^-ol 37 fl olAj-cq A>-g-^H 4i #M-fr #^*Rr N7fl3 a]^. 

^^}7) 2N7fl^ Al^Tio] ^o^. ^-§-0] ^V^^d ^l^AjTi 

( latency) ol ^<H*l:n. ^^o] ^30}^ ^afl^oj o^rf. 
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<21> M. igj-rg o. ^o]r= 37)] ^A] oV^m-i-^- A>-g-^ oj^-^Al A] ^A] ^-^-J£« 

<22> £ ^Al^^, ^Aj-f-Al Al^EfloflA^ 4^ <9«-g- ^*l*Kr ^7lo)l Olc^Ai, 

<23> 3 7flSq ^^IM-^S.^-Bi ^JE. *>4^ ^A] oj-EflM- 2|Z}0 S ^A]^ AjJ^ 

<24> Aj-71 A^r; 37 flo] ^Al Oj-Eflq-I-S^-Ei Aj- 7 ) 3^5: ^uj-o^ ^A] oVEflq-S^ *fl\| o} 

<25> a o V 7 ) >-Al a o > 7 ] ^ ol^s.^- 7>^J1 7>^tb 27fl2] ^lr»ofl tfl*fl nflB 

^ ^*>J1 ^S^Rr 27fl^ A]^o. z^-zl ^#*>^ ^1 ^ ^ 2 cl^s. 

<26> A o V 7l m * ^ 2 o^fl 2 7fl^ £*1tfl3. «fl<I*H #^*Rr 

tg/*Jl ^^-71* 3L#SH ^34, 

« ^*fl 27fl2] -ai-l-i- 44 nisi ^#(pre-detection)^>ZL, #7] 43«^ 
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^1 ^-§--1: g]3^^o> ^ 74014. 



<30> r -1 





•*2 


*3 


















*.2_ 



^ *m H-Efiflfe *B)£ ^(estimate)* Aj-g-^H 7}^ JE.-E- 4)^.0]] tfl^ ^ 
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<32> ZL^Tg ^-71 <^«M 2>^ ^ ^"M-* 4^1 *Rr ^H^HH ^A] oj-^m-^Ei 

* 4^ oVtflu)-^^ ^ h ; e} "A, A 8 A 3& 431- S ^-(symbol set) c t 

<33> « j 

,^ 3] xi,-s*r 



/=1 i=l 



€ 2^14. <^Vai 3>ofl >S-7l <^r«)-^ 2>S] Jf Jrs|. «-g- ^-g-^ ^ 

k - V. - v 2 - W + h - v« - v 5 - v.f 

4] + i r 3-v7-v.-v»r+i'-«-v.o-v..-v. 2 r 

<36> O^H ri(r2)r3>r4 ^. ^Al7loflA-l 4 7fl^l AjTi^-Til- Zj-Z]- ^A}^ 

<37> ^AlylS] ML ^# ?>^^>7l ^SIHtt Aj- 7 1 <^§VA] 4> ofl ^ 7>^*V ^ 3 Si 

-2.^ ^(crossover term)# XMwH #^3^ *1€^I- 0 1 -#JL?I 

ofl Alja^^. ^\o\o\ . o]^- o^}<^ asii »1 §>7l^ <^«]-Ai 5> ofl uf<i£>Sg 



fhK^s] + s t s', + s 7 s' t + s l0 s' u ) + h,h;(s 2 sl + s s s' 6 + s t s' 9 + s u s' n ) 

[^«vai 5] +/i 1 ft J , (5,i;+vi + i,i; + Vi ! ) 
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<39> 



<40> 



4x3 ^isf *5^-a- °l-g-*H 47fl3l >a##^; #^Hf- ML 3#*H M-EfM-^ 5.^ 

*fl7,^ <r Tarokh^l ^*fl <£3}*} ^-rf. je^ # 7 , <^«H 5 

>oflA^ 2^51 2 7fl5] ft, ^ Ci^ C 2 «- ^7^}^ 2^51 oHfluKhi)^ ^3 ^]^(h 3 )7]- 

t**HM # M-ef^ *fe*H , nj-^Aj 7^ 4x3 ^3L& *>7l 



<41> 



s A 5 3 j 2 



5, 5, 



5* "^1 $a 



s A s t 



s. 



I 

S 2J 



<42> 



5Li^ *J-lr, ^ Ci^ C 2 # ^71*1-51^- ^-ofl^. ;*)_g.*v -^-^ <« ^>7l^ 



<43> 



5| S 2 



J 4 5 3 5, 



7] 



V °3 



J 4 



<44> 



7>^t!r <*fl*-8: ^>7l^ 8><^1 
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<45> 



x l 


x 2 


-xl~[ 


x x x 2 — x 3 


Xx x 7 


xl 


x , 


X 2 


x l 




~ x l 


x\ 


x 4 


~~ X 2 X \ ~~ X 4 




• • 

x 2 JC, 


x t 


-xl 


x l 


~x 4 




X 3 


X 4 


* 

X\ 


X 2 X A X \ 
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i x A 

3 4 


» 

-x, 


x l 


x 4 


• 

~ x \ 
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x l 


-Xz] 


* m 

"^4 X> 3 X> 2 




* » 

4 3 
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* 








x 2 


-xl 


X \ X 1 X 3 


JC, 


x 2 


-x, 


' x, 


x 2 


x l 


-xl 


x, 


x 4 


• • 

— x 2 x x x 4 


x 2 




x 4 


xl 


• 

-x, 


x * 


Xj 


x t 


x't 


x 3 x 4 - 


xl 


x l 


x 4 


* 

x t 


x 3 


x 4 


• 

-x, 


• 

. x 4 


-xl 


x 2 


• * 

_ L X 4 ~~ X l X 2 


• 

.~x t 


* 

x, 




* 

.~x 4 


* 

x 3 




\ 


x 2 


• "1 

-x 3 


X \ X 2 X 3 


Xy 


x 2 


x, 




x 2 


x 3 




x 2 


• 

-x, 


-x. 


• • 

x 2 — x x x A 


« 


• 

-x, 


-x 4 


♦ f 

x 2 


• 

-x, 


x 4 




x 3 


x 4 


• 

x, 


x 3 x 4 x x 


x 3 


x. 


* 

-x t 


x 3 


x 4 


* 

-x, 




• 

x * 


• 

~x 3 


X 2 j 


* * 
_ X A ~~ X S ~~ X 2 _ 


* 

x* 


• 

-x, 


X 2 . 


m 

x * 


-xl 


-x 2 





<46> 



<47> 



<48> 



<49> 



^7i^ x 1 ,x2 ) x 3) x4^- si,s 2 ,s3,s4°fl 3-§-*M yfl^ ^*fl 

q O.S. ^7} 7>^ ^7) <^+) 8>ofl M-Ef^ if- eJ^oflA-l Xl=Sl> x 2=S2i 

x 3 =-s 4 *, X 4 =S 3 *£- ?A Q }^. 

^7} 2) <^n+\ 8>2f ^-JlS}- *Jii-I-§- Aj-g-^c^ 2 7l]Sl 3.3. + $.*] ft C x 

2)- C 2 » ^iTiSRr ^ ^7]2] ML ^# €31* iH4 ^r^s}-^ ^ 5^4 . <« , #7l <^ 
*H1 7>°fl M-Ef^ ^M:^ ^^-i- ^-§-*H ^7} 4># tfA] a^s>^ #7] <^*>^ 4> 

1- ^SMrKr 53 *>7l^ 9>^ <^«H 10>^r ^ ^Jjif ^^sfc}. o] 

9] MinCx ] ,X3)(| J R 1 -^ 1 | 2 -t-| J R 3 -x 3 | 2 -t-2(e i -f-C 3 ) J Re{A:>3}) 



<50> a) 7 ]A] Min (a,b)(y(a,b))ol5f f-^- y(a,b)« ^is}-^ a,b» ^^tb^ 

Re{ }^ ^<L>^ tfltt ^ ^thcf^ ^l^olcf. Cl 4 c 2 ^ Ool o^- 
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*1 ^€ ^3., C 3 £r h 3 *h 2 -h 3 h 2 *°l:n., C 4 fe h 3 h2*-h3*h2=-C 3 olcf. zl^zl Rr g- rih^+^h 

2 +r 3 *h 3 olJi R 2 ^ rih 2 *-r2*h 1 +r 4 h 3 *olJi R 3 ^ r 2 *h 3 +r 4 h 1 *-r 3 *h2< : >] -31 R 4 ^ rih^-r^h^r 

4 h 2 *°m. 

A o v 7l^ 9> ^ <^r^ 10># ^r^HH a o v 7 | <^*}-ai 9>0 ]i nfe} S i 

A s 3 ^l ^(pair)-g: ^S^Rr ^~g--4 <^*}-a1 10> ofl 14^ S2 <4 S4 £] ^iEI^Rr 

^-8: ^(de-couple)*}^, ^.4 ?}m%1Q: ^ 91 A. 

^S]^ ^Wol BPSKCBi nary Phase Shift KeyingH 
A ^3tt ^ 33 tH>lnH3 *r^r» neiM- 4^ 

(complex constellation)!- 3*r °1#3 ^l-^ ^ , ^ QPSK(Quadrature Phase 

Shift Keying), 8PSK(8ary PSK) , 16PSK(16ary PSK)« A}-g-<5>^ ^^1^ ^^S]^ 431r« 0 l ^ 
± ^Bfl 7 > 5)7) nfl^ofl t±o]*]X\Tj) *}^?} 2S. ^^7\] . ZL^B-S. t^H^ 47^ 

^1^1^ 3# <S^cf. o.s 37fl^ ojE^fi. ^ 

3^s1tt *f7]^ <^*M 11>4 US a^^^f. 



11] ^ 





s 2 




• 




• 

*3 


-jo. ' 


• 




* 3 


-e J0 ' Si 


S 2 J 



d\ 7 ]o\)*\^ ^7} <^*Jv£) 7> o) Ol a3 Aj^-S- si,S 2l S 3 ,S4 ^ Sl,S 4 * AA ©l,®^^ 

s\*d*}^ ¥-S.s\- £^^>^Cf. 4^ ^-f *I|HSH ^r^sl^ ^M"^ 

si,s 2 IEtt s 3) s 4 IEtt s 2 ,s 3 * ^3E. 27fl£] AA 3 *H ?1 
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Ur-ir £3«Hr 2711 a] ^ 3# s]^^l'7l^ ^1# ^-Jls)- <£-8: 

<55> oj^Hl^l -£^*r tif^ ^i5f ol-g-^ ^2±£) ^ £ 3°H 

<56> AV 7 ] £ 3^ ^tgofl *}-g-£^ ^^1-Al^- A>-g-^ ^A]7l^ l4Ef 

\H £Al*V ti >2f ^-o] ^/^ ^^-7l(Serial to Parallel Converter) (210) 2}- ^ 

# ^1 ^7l# (Phase Rotators) (220, 222)21- -^Jl5}-71 (Encoder ) (230)^ 37fl£} ^ ^BfluJ-s. 
(240,242,244)5. ^^l^. 

<57> ^1-71 £ 3^: #3^3, ^-71 2]/tgl £«:7l(210)^ 47fl2] a]-^ si,S2,s 3 ,S4 

# ^Kf£] ^-<H #7l -f:£5}-7l (230)5 afi^tK °M *>M-^1 1-^1 ^ ^€ 27flsq 

si,s 4 ^- ^7} JfjLsM (230)5. #ofl ^ 3} #71-1: (220, 222 HI ^«fl ^ i 

^ 01, ©4^^ 3*I^£K ^71 27fl£l ^l7HH rfs. PflH^^l 

^^^Cf. # 7 | «-S2)-7l(230)^ ^71 ifl>£ 27fl^l i^Hr tr 1-^^ 

431-## 7 r *U Z|Z| 37H^ S^Kr 47fl^l 47)1^1 Al7 u ^7^f 

^-7] 37fl£] ^ ^>Efli4l-(240,242,244)S ^trtf. 

5E*V # 7 ] 0.^^.7] (230)^ z|z^ <L>Efluj-^ ^S]^ 43^- Al^^s-ol ^-s^l 7> 
^lIE^-(orthogonally) #7l ^l-IHl ^ 
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^(negative)*]- ^ (conjugate)* #7] 2:fhl"§- ^tb^. <$7]*\ #7] <im 

% # 27flS] >9M"S> 3*1*1 ?l*r 3£r ^"71 ^^O] Al-i-o] ^-fofl E 

<59> #7] 37fl^ ^Efluj-S-S 3^5^ 47fl^ S^-l-^- 4x3 M«±*fl ^Bfll^S. 

^-JL3}- «8^^ M»}*fl Krow)^ -ti-M-ol ^tfls Si^tf. ^ n*]*i| ^l^Ti^l^i n^^fl 
^8 (column) ^-M^l 37 fls] OrEflM-l-S ?if€4. 

<60> «J oflS^ 47fl^l S1.S2.S3.S4 ^ Si.S 4 » ®1,®4^ ^ 3 

^ A o V 7l -?-j£^7l (230)31 °M o}^-*V <^4\ n> ^. ^-o. 4x3 o| tjL Jrj-rj. ^ 

M-El-'i *r ^"71 <^n±\ H>ofl M-E}^ ^3^- e^o] A}-g-£]^ Tj-o ^! A] ^^/^ 

*r ^ ^ 37fl^ eAsi . s 2 , ^-71 37fl 2} <?Hfli4s.(240. 242. 244)5. 

M-1-(240.242,244)S 

<61> Aj-71 £ 4^ #71 £ 33] #^]7lS.-^El ^A]^ A]^# ^Al^ ^Al 7 )^ M-^^H 

ML(Maximum Likelihood) ^^s-(Decoders)(340,345)-g: 3E.tr *H ^^tr. 
<62> a 0 v 7 i E 4^. %v s ^!g t ^^7] (Channel Est imator)(320)^ 37fl3) ^a] o>Eflu|-§ 

(240,242,244)5.^ ^ <=L>EflM-i-(310, 315)3.3 7jl^# (channel coefficients), ^ 

^ °l^-lr hi.h 2 .h 3 * ^g*r^, ^1- wfl<i7l( Symbol Arranger )( 330) ^7} ^ 
(310,315)5. ^S)^ *1J.# ri,r 2 ,r 3 ,r 4 * ^Sh=h 
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<63> n><^ ^Al oy^ 7 ]. I7fl^ Aj. 7 ] ^ <g 71(330)^ 47fl^ ^A] AjJrS. r t , r2 , ^ f = 

S.O> ^A^tf. n>«J 27fl ol^oj ^Al o> El )q. # ol A}-g-£l^ ^-f #7] «H 

171(330)^ ^ ^]Jl«- £0} ^ ^Bflsl ^S^tK oj7H *H-s] ^ofl^ 

^A] 0>Eflu)-# -g-3fl ^Al£)^ Al^S^. Hfl^^>J7 ^>uf^ cg^- s>U}Ol Al^^l ^A}5}i=- 

A Jitf sflxli^, a^H^fe 4^7flSl ^ai ^>Eflu|-#(310 ( 315)^: A>-g-SHr ^« 

0.14 oV^ollA-]^ A^o^ ^A] Af-g-^ ^ -fofl cflSflA^nl; AJt£ 

<64> ^X\ 7]S _^ £^ 47]]^ Al^-S. Sl(S2(S3(S4# ^-^^>ZL7V ^ 7^ C^C-m 

(340,345) # *fll ^^(340)^ ^7} ^ o^s- ^ a o v 7] ^a] Aijrs-ofl ccfe|- Sl ^ s 3 * ^ 

^12 ^ S d1(345)^ ^V7M «]-ai o.^. S2 ^ S4 § ^#^Vcf. Aj- 7 ] ^^1- 

(340,345)^1 £1*11 #71 47^ ai^-s-oI ^aH ^#^cf. a) 7 )X] ^#5} Ai^.s.0. a1^ 

<65> o^V <£*\ <£^*V <^t}-Al n> o} a.^^- ol-g-^ ^ o. ; Aj- 7 ] ^ ^^(340)^ 

^A)-ofl nfl*]) a|^^^ ( a o v 7 ] cl^c-1 (340)^1^ ^1- 1^3 7l (Symbol Generator ) (350)^ SL 
€■ 7>^tr si^f s 3 sl -¥-2:^-#(Sub-combination)^: ^^*>^, 3)^ 3 ^7l (Phase 
Rotator)(352)^r #7l % Sr g- 4^]7"H1 sjSfl Aj-g-sl ^4 

0i^ 3*d^ eA<s ^ #^trcf. 
<66> nflH^ Tfl a]- 7 1 (Metric Calculator)(370)^r #7l *fl\i hi,h 2 ,h 3 :4 ^7) ^ 

41 ri,r2,r 3 ,r 4 l- 7>^JI ^ ^*Rr S-€- 43 # ^^"I^l 
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cflsfl <^«M 9># X)4r*H ^IH^ 3M"(Metric values)* ^#71(380)^ # 

71 nflB^ ol-g-e>c^ TjfljH ?J 7W£S. ^ Si' , S 3 ' * 

<67> ol^-4 XI 2 (345) °))*\5l ^-«^*>7fl ol«q- ^-o] #71 

XI 1 (340)^1 s^uzj- s 3 '^- ^-7) X)2 (345)^1 >Hfe s 2 '2r s 4 'l- ^#^> 

^, ^H/^ll ^^l (Parallel to Serial Converter) (390)^ ^7} ^i^S. 
i4<g^ ai^. afj- si , ,S2 , ,s 3 , 1 S4 , l- %%%^r. 

<68> A o V 7 l^ ^-o] ^5]^- £ 42] ^*\7)°\] <&o]x] QPSK <%<#5.7\ A>-g-S)^ ^ °- 33^ 

¥-^2] 167}*) o) , P^V7>7lS s 2 ^- S 4 3 ^S^E 167Mcf. A] 

#1:* ^#^>7l ^*1H 4V7I nflH^ XI ^711- (370, 375)£- 9>^f <^r«H=l 10>* 

32«H X1^*H°> ^j-fecfl, ^EeJ-g- xs] Tjl^V^dl ^.S.^ 13?^ 4^ ^^(4^^ ^ 

^ ^tf.) f 133 ^ 45}£] ^(t^), 2S|^ Norm(2sl^ a]^ -^34 ^tf), 

1S|S1 wlJUolc]-. ojm cfA] ^B^lg %- 7S\2] ^ ^-^Sr 45]^ ^A^>cf. ZL&|^ 32 

7fl3 -if 2:^1- <H1 « *\^2\ #^(27flSl Jf^^-)* C^^Kr c-floll^ # 2245]^ 

1282]^ 3^ ^ 325]^ tilia 7 > ^_a.f-§; <£ ^ ojrf. 

<69> Oj^tr ^ o^AV^. D fl 47fl ^ A1.& ^AU] nj-Cf ^-S^fe 3} j7^o] cflojE^ *\ U] 

^°fl "11 -f €■ M7> ^cf. rrf^ A^^- 37^ ^a] oUflu}-^ 

<70> ova| «>4 3711 ^Aj ^Eflq-l- fl^ ^aJ 7 1^ <^*\ 9>^f <^*H 10>* 

^^*>fe 4711 SI AJ-M.-^^ ^#s>^ s.^ o.s Ci^r C 2 7> 0O1H.S. ^7l ^«f^«^r 

s>7lSl <^^-ai 12>a ij. <^«J-ai I3>3l- £01 4a1 S^^cf. 
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<71> [^*)-ai 121 \ R i-*>\ 2 + \ R >- X y? +2(c i )Re{x' t x 3 } 
<?2> [^tJ-A] 13] \ R i~ x 2\ 2 +\^4-x t \ 2 -2(c 3 )Re{xlx 4 } 

<73> C*] 7 )X\ Xl>X2(X3;X4 ^ ^A o V 27flS] ^#1"* i^Hr 47^ ^^.S-ojcf. ^ 

Xl = e j0l Sl> x 2 =S2, x 3 =s 3 , X4=eJ 04 S4°l^. 
<74> *M ^ €S]» °l-g-*Kr <^ aJaHH n}-5 ^A]7l-1- £ 5 

M-^^cf. o^ylA^jA^ ^7l^ 27fl£] ML ^^^#(440,450)* S 

<75> a o v 7 ] £ 5# ^^ig t ^ ^^ 7 1(420)^ 37fl^ o>Efli4l:(240, 242, 244)5. ^-Ei ^ 

a] <^Efli4l-(410, 415)5.^ ^ 31 ^(channel coefficients), ^ h lt h 2 ,h 3 ^ 

, 431- «fl«1 71(430) ^ «V^q-§(410,415) 4^ '-f-«fl 47fl^ A] ?i^?J-I- Jg- 

<76> o><^ ^Al o>Eflu(-7> I7fl^ ^"71 ^ # tifl<l 7 l(430)^ 47^ A]^^ J^o} ^a] a] 

ri,r 2 ,r 3 ,r 4 * ^*H=r. <>l*r *4!7H sqsfl Ir^^l ^«<>1 47fl5] Al^^-i- ^o> 

&^S\9X7] 27fl OjA^O} ^A] Oj-Efluj-S-ol A>-§-£}i=, 7jJ=L Aj-7] A] ^. «fl <g 7 ) 

(430)^ ^ so> ^Hfl^ ^.g. ^^.4. o} 7 H ^14^ ^q-o] ^ai 

-f-*fi ^13^ «fl*l*rJi a] tJ-^-tJ-^] -HO^fe A]if 

•i" «fl*ltr4. ^7H1a-^ ^-^7flS] ^a] «NlM-l-(410,415)-§- * r -8-*rfe i^^oj o_uf 

^Hfl^l^fe *1«H *>M-^ ^A] oVEflx^l- A>-g-^ 3 Jfofl cflsflAi A^^. ^o] 

4. 
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<77> ^A) 7ljM LEi 47fl^ A)^. Sl>S2) s 3 ,S4# ^€^V^V ^ ^ -f , #7l ^ jac|# 

(440,445) ^ *)U ^3C-1(440)^ #7l *fl^ oj^s. ^ +x\ X\^6\] rtfe} S i4 s 3 # 3 

^12 ^3Dl(445)^ °>^>7H wj-^i s 2 2}- s 4 « ^t^nf. =L^ <#7] ^5L^ 
(440,445)011 °\n #71 47fl^ ^j^^ol ^#^cf. o^H M^t^ ^ 

<78> ©I*]- ova-1 <^«M 11>2] -*f jLsf ^ff <>l-g-*Rr , #7l *fll ^^(440)^ 

cfl^fl ^S}^, ^7} ^11 tli2c-l(440HH ^71(450)^ 7>^t!" si^ s 3 ^ 

^^(SubOcombinations)^: , ^ 31 #7l (452)^r ^7] ^ *M9l 

Si# ^]7H o^^fl A}-§-^ <%^$ 01 n>^ Sl^A]^ #^^4. #71 

s 3 -°r ^1- ^StK Symbol sub-set H 5} ^<5 r 7lS ^1- ^71(450)^ # 

71 41^l7l(452)oll ^1*11 ^^Tr 7>W £^ 411- °Jt« ^#71(460)^1- ^ 

711^71 (470)^ -f-AH ^l^^cf. 

<79> Aj- 7 ] oj^jj. ^#71(460)^ ^71(420)3.^3 *fl^ Ol^-S. hl ,h 2 ,h 3 2l- #71 

^ «fl^7l(430)S-?-B^ -A] Al^S r 2( r 3(r4 ^ <>]7« Rl 2f R 3 ofl 7 H> e3*r 

ir ^1-* si'^r s 3 '# *1e1 ^#(pre-detection)*l:^. #^71 (Discriminator )(462)^ #7] 
^ ois.s.011 sl«j) ^xj-ig c 3 ^ ^- 7l ojjiifl. ^#7l(460)oll Sl«fl ^le| si'4 s 3 '# 71-71 

-2 ( C 3^{-"- /9 '->3}^ : ^ttVcf. c^7lA-l ^ 7 ^tl- ^71 nisi 

Si'4 s 3 '^r t^W. o] ufl v]}^ 711^71(470)21- ^#71(480)^ -§^r*l Sfe 

<80> dVoj QPSK A^v^ofl cflsfl 45J£^1 ^ S)^o] a>-§-^ 7g o.e}-^ ^71(462)^ #*1 

(C 3 )« e{e --'%> 3 } 7> o.(_)o]^i^ ^ 5|i°l*l<>l °l^-# ^ ^cf. ^, 
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(470)5+ #7] £\±.v\)B.^ ^#71(480)^ **|-*H Qtt^. 
<8i> £ 6^ QPSK7> Aj-g-^ # 7 1 12>» ^l^V^Dll ##.£# 

°fl M-EfMl H^ltb «H1 4^ ^7} <^«N 12>£\ dH d + % v cc^*--' 9 -,;^}^ ^ 

27fl^1 +C 3 JE^r "C 3 ^ 7>3£ ^ 5ath n><y #7l ^l D n V %H #(")3 ^ 7>^t+ 

^ 4 v 7l <^«H 12> #sfl» ^S^tt si^f s 3 ^ ^*Kr #7l 12>S] ^ 

%v ^VSl 2 ^ ^^SJ.^ Si4 ¥ *J ^3- 3 i 2 ^- ^SJ-SHr S 2 » ^Rr 34 

#7] 13>^1 ifl^E n>^-7>xls. ^-g-^rf. <^7H l*i -^il 2 ^ UVJ'-i- z}-z}- 

^s^Hr 3^ 0 Jt« Ri,R 3 °ll 7># si4 s 3 # ^*Rr 3, ^ °j7fl^ 

^ 34 ^11*1-4. 

<82> Hj-ig # 7 ] ^ ^3f7> 2jdt3Jt°l ^JjL # 7 1 ^1H^ 711^71(470)^ #7l *fl ^ o]4=- 

1-3Z)- #71 ^ Airfoil <q*fl ^1AV^ R 1( R 3> C3# 7MJ1 ^ 12># 
^1^*H, 7}^ £^ #1- ^-S^-i-^1 tfltV °11B^ ^(Metric values)^ <*M*I 

#7l nllH^ 711^71(470)^ #71 Ri,R 3 ,C 3 * ^ ^l^TlM- # 7 1 0} ^ £ ^#71(460)3. 
M *fl ^ 5Uth ^7}ol ^ o. ( #71 ^71(462)^ #71 ^7} 3\±&o] o}^A] 

#71 7ll#^ R 1> R 3 ,C 3 # #71 nflEgJ 7^1#7l (470)3. #^ ^^S>£^- . 

ZLE^ 2^lJ=3 ^#71(480)^ #71 nflB^ 7ll#7l(470)^ ^ ^^^1 v])^ o] -g- 

*H *|1H3 ^ 7^£S. ^ Sl - ( ^#*>Cf. 

<83> ^ jg^c. ^. 7l cl S r:-l(445)^l^£ ^^Tll °1^H*1^. o}Q £0} # 7 ] 

^1 tl5LDK440)°H7.iir Si'3}- s 3 '# ^#^^1 #7l *112 t^SDl(445)oll7>-l^ s 2 ' 4 s 4 'l- ^#^> 
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^H/*]^ €*7l (Parallel to Serial Converter) (390)^ 43 ^tflS 

^#^-2.3. 4J-£ si , ,s 2 , ,s 3 , ,s 4 '» #^4. 

£ 15)^ ^ ^(^ 42]^ ^ 12)3 ^ 33^ #f °14. 

cf. ^17} -8-^^ 5flr-^ QPSK<H] cflSfl l/2ols.S 27fl^ ^#1"^ ^ 122 

^ *>7l^ <5. 1>4 ^-o] ^^j- £t 7]-^# <£ ^ 

<85> [ S 1] 





44 s *r4l 




H|5L 


£. 4 


224 


128 


32 


£ 6(£ «*8) 


122(112+10) 


64 


22(16+6) 



£ 7^ ^ ^-tgofl ^ ^ ^5)- 7l#^ #sfl^ 4^ 71 ##4 4lJ.cfl (Signal 
to Noise Ratio: SNRHl tfl^ ti]H -2.-?r-#(Bit Error Rate: BER)3 ^r^H ulJUtr ZLsflH^l 
4. ^7)^i 510£r Alamouti^l 3*1) 27fl3 ^EflM-^- A>-g-*H==. ^-f o] Jt^-oIjt, 520-g- Tarokh°fl 
3*fl 1«*H1 8x3 Jls}- Iff A>-g-^ ^ o.^ ^olj7 ( 530^ smtSt^] ^ 

7Hb 4x3 41^ «81-i: A}-8-SHr ^Jjs- o] jL^-ojji, 540^ -g- ^ofl 45} ^33. 
€ ^^"^-i- 4 X 3 ^Jls}- sj^^- a>-§-^>^ ^4-0) ^o.^. q-Ef^ ^olcf. 2*1 44 

£oj ^-rgofl u}^ 2^3^ ^SM- 7>^1^ J^Jrfe. Aj^c]] ^oll^ 

£-4 ^ «]H 7>^^ ^ 5U4. 
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-§-3^r ^Jls)- ^>7l^ <^*H 14>ofl q-Ef-fl «}<4 £rf. 



<88> 



-i0. * 

6? 



• - id, * 



-e' e 's\ 
e ie 's. 



-5, 



e J0 's A 



-e- i0 's: 



-s, 



-J, 



<89> <^*)-ai 14> _ g . A>-g-§>^ 7^^- _£ 4 oil v|mfv£ ^^^#(440,445)^1^ nfl^S, 7fl#7l 

#(370,375)^- ^71^1 15>2f 16>1- ^JHHr 4]^-^^. 



<90> 



[^*VA1 15 ] Min(^ 1 ,^ 3 )(|7? 1 -^ 1 | 2 +| J R 3 -A:3| 2 +| J R 1 3-^>3| 2 -|x: 1 | 2 |^: 3 | 2 ) 



<91> 



<92> 



[^«VA1 16 ] MinC^ 2 ,>: 4 )(|^ 2 -3 1 : 2 | -+-|7? 4 -^| 2 -t-|^ 24 -x: 2 A: 4 | 2 - |ac 2 | 2 |x: 4 | 2 ) 



<93> 



<94> 



k a: * 

k ' 4 k '^ 4 ~ a: 

173 KHM'+IM' + IM'+KI 1 

°d« ^#7l(460)fe Ri^ R 3 °fl e^*Kf -9«-g- 3#*>:n. <y7« 3#7l(465)^r 
R 2 s f R 4 °fl e^^b ^Irl-^- ^711- (462, 467)^ -#7l 4] 

#7] u]^\ -*7l t^IH^ 7il^V7ll-(370,375)^ # 
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7 ] ^, 3 -^>3l 2 -^.lV 3 l 2 4 ^ 24 -^ 4 | 2 -KlV 4 l 2 ol 7>^tb ^-f -^-71 Si <^«H 15 
>jif <^*H 16>» a^s)-^ -9 

Uflfe ^*HH ^#3^ i^ig^o] «<^u> o>qef o] if-s)^ 
^ ^*fl ^«fl^<=»> ^cf. 



£ 4^ #^*Hr ^-§7^ ^ &o) 3)cfl^ cfoj^AlEl 

^1- ^ ^^-H ^i^o^ 311 o] ^ cH] ^7ll7> 
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[3 if* 1] 

J^-a^a] Al^ejoll^ 4^ ^SRf ^71^1 ^l<H^i , 

37fl^ ^M^^ <5}ufO} ^A] Oj-Eflu)- 2]-Z|0_5. ^A]i£ AjJrS. 

#7l ^A] Aj^s-sf Aj- 7 1 ^ °l^tt 7>^-*l 27flS] Aj^.S.^1 cflsfl DflB 

^ *flH^ 27fls] -g-i-M- z}z| 3#*>^ ^ A}2 t\aft^ 

A, 

^7} m £ A2 ^3C]to]l ^#^1 27fl<^ ^cflS Hfl<l^ *^Hr 

■8/33 ^*7l» 5L^><^ ^sq^, . 

AV7I Al ^ ^12 t^^C-l-i;^ Aj-71 ^ -tl^S* #7] *fl^ ol^-s-o- Aj^ c^Aj-^V ^ oj 

7« ^#^1 9]^ 27flsl ai^-s.^. zj-z}. p lsl ^#(pre-detection)*>Jl, Aj- 7 } Aj^g-o) 

^4, A oM ^ Ol £ 37fl Si ^A] oj-Eim-S-ol ^ ols-s-ojl o)^ll ^^11^1^ Aj-^ol ^0} 7>^tb 
2l4i^ 7H^ "#71 olsl A^^-j. ^#<j>Kr ^ ^-^3 ^ ^A]7l. 

2] 

1 %H1 Sa^I, ^7l ^A] oV El m # o) 7fl ^- 37)1 o] f^jo S ^A]7l . 
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3] 

*fl 2 %H1 #71 *fll ^ >fl2 t|20]* zl-z^g., 

^V\,V,K 3 -, 3 |* ^ iW+IKw'V* a,^*^ S1>S3 ^ S2;S4l . DlB , 
, ^7]*\ 0 1( 0 4 ^ &4±7) ofl °l*fl ^_g.,g si,s 4 s1 aj^iH-H R 1 =r 1 h 1 *+r2*h2+r3*h 3 olJi 

R3=r 2 *h3+r 4 h i*-r 3 *h 2 °l:n. R2=rih 2 *-r2*hi+r 4 h 3 *<>l JL R 4 =rih3*-r3*h 1 -r 4 h2* 0 l^ ri,r 2 ,r 3 ,r 4 fe 47fl 

4] 

^ #71 nlEl ^M-fr 3^ ^ 7H C 3 ^r h 3 h2*-h 3 *h2 0 U , h 2> h 3 £r 

I^T 1 * 5] 

4 %H1 Sl^^i, #7l ^ *j|2 t^snl-i- zj-zjvg-, 

#7l nlE| A]^-s.oll ccfs. CC 3 y?«{^%> 3 } gc- c-C 3 )« e {* 2 VS 4 } 7 j. 

7>*l*j £>-^- ^-f l^,-^,| 2 -<-pR 3 -^ 3 | 2 -H2CC 3 >Re{e- / %>3} 
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6] 



[3^* 7] 



^ 6 *oHl ^-71 ^1 ^ *fl2 tq^c-ll- z^-zl-g-, 



i^vV-hiw ^ w^-aj^ *)^*Hr s 1>S3 ^ S2 ,S4» *w 

<^7H 0^04^ ^a]7H1 3-§-€ Si,S 4 ^ ^ A o V s^M^l Ri,R 3( R 2> R4^ 

71^ l£ol ^S)^. ^-^^-5. 5}^ ^71. 



J\ ,2 



K ' 3 K 

2 j- » /V 4 



^HM 2 +KI 2 + |A,I 3 +|/«J 2 



<^7H riiI . 2)r3|r4 ^ 47 flo} Al7_>^7il- ^ ^l«ol^ hi,h2,h 3> h4^ 471] 



8] 



*11 7 SU^I, #71 afll ^ ^112 cl^cl-i- z^z^g-, 
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-#7l ole) Al^-s-o]] of^ |K, 3 -*> 3 I 2 -KI 2 I-* 3 I 2 ^24-^4l 2 -KI 2 KI 2 7]- 7\^^Y 

A*}^= 34- ^71 d]^ ^ ^7l^ Rl3 4 R 24 ^ §>7l^ 4^ 

,J * * 

9] 

-#7] nle] -Al ^.=-0^] n}s. I^ja-x^l 2 -^,! 2 ^! 2 tc^ [tf 24 ^x 4 | 2 Hx 2 | 2 K| 2 7 j. 71-^.^1. 
^ 7>X]X1 ^ ^-f 

l^i-*il 2 - , -^3-^l 2+ ^ 1 3-^>3l 2 -^ 1 l 2 k3l 2 

^ 2 -. 2 | 2 + |i ?4 -, 4 | 2 + ^-^/- k2 l 2 KI 2 o. ^^Rr 27^ Si, S 3 Hi^r S 2 ,S4» 3#*Rr 
10] 

*H 1 A o v 7l afli ^ *fl2 ^sci# z^^, 

^•71 7>^*V 3.^ AA$\ ^€ ^^if 5]^Al 71 
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^A] #7] ^ olH f A A}^ o§XH& ^ #o]1 o^gfl 2 7fl2] AJ 

^ "13 3#(pre-detection)*Rr °Jt« ^#7l^-, 
^7l ^#=1 §4, ^71 37flS] ^A] ojEfl^s.^ ^ ol^^ofl o,gfl ^tS^if- 

A cK^ 7>^*V 3^&^- 7}*M ^7} DIE] Zj#5} #M~fr 3#*Rr ^7)^, 

^71 ^7} 7}^-tb ^i^-i- 7>^1^1 ^ , ^>7l «fl<l7H ^fl ^A] 

€ ^Ji*^ ^71 *fl\i ojS-^-g- 7>^J1 ^7] ^Aj- 3)^^ ^M.^. i^>^ Al^. -a-S^-S-oll 
tfl^T *HH3 ^Kr Tfl ^-71^, 

A o V 7l fj^J nflH^ °l-g-*H ^1H^ #-§- 7Mb 27fl^| 3#*> 

^#715. ^S]b ?A^r ^ O.JS. <5>^ ^71. 

111 

10 %H1 Aj- 7 ] ^A] Oj-^m-S.^ 7fl ^- 37fl ol ^ S.^O. S ^ ^Aly]. 

12] 

*fl ll %H1 #71 ^Tfl^ ^#7lb, 

^-^I'+I'W ^ lW + |R 4 ^/* 3^*>b si. S3 Sfc S 2( S 4 « "13 

°*7H 0i,0 4 b 3^1 ?H1 ^«fl ^-g-^ si,s 4 5l ^1# R 1 -rih 1 *+r 2 *h2+r3* 
h 3 o]ji R 3 =r 2 *h 3 +r 4 h i*-r 3 *h 2 °l3. R2=rih 2 *-r 2 *hi+r 4 h 3 *°l JL R 4 =r 1 h 3 *-r 3 *hi-r 4 h 2 * c >l ^ 
ri,r 2 ,r 3> r 4 b 47fl^ X] ?J^p-?J# ^-oj. zj-zj- ^a}<£ a|^s.o1^ hi,h 2 ,h 3 £- ^7} 37fl^l <£e11M"I- 
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I^T 1 * 131 

XI 12 * 0 M1 ^t7l^, 
^-f #7] D lsl 3#€ ^ 3 °^7l^ C 3 ^ h 3 h2*-h 3 *h2 0 l^> h 2) h 3 ^: ^7) 

14] 

XI 13 ^1 &<>H, -AV 7 j pflE^ Xl^M^, 
PR , -e J °'s i| 2 -t-|^ 3 --y 3 | 2 -i-2 CC 3 >R e { e 3 } t£. ^ 

^-s^^.s^y^.c^^^}^ ^^\±r 27fl5l Si, S3 S^S2,S 4 * 3# 

^ 3# ^ ^71. 

15] 

XI 10 *cHl 5U<X^ , ^71 ^ o>Efll4-i-ol 7fl >-- 47 fl o] ^3 ^71. 

[^^*o V 16] 

xi 15 %hi sa<H-H, ^7i <yxm ^#71^, 
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**4l ^- ^^^^ si, S 3 ]£rr S 2 ,S 4 # 



* =1^+1*^+1*^+1*. P 
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